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Abstract Over the last decade, cholera outbreaks have
become common in some parts of Kenya. The most recent
cholera outbreak occurred in Coastal and Lake Victoria
region during January 2009 and May 2010, where a total of
11,769 cases and 274 deaths were reported by the Ministry
of Public Health and Sanitation. The objective of this study
is to isolate Vibrio cholerae bacteriophages from the
environmental waters of the Lake Victoria region of Kenya
with potential for use as a biocontrol for cholera outbreaks.
Water samples from wells, ponds, sewage effluent, bore-
holes, rivers, and lakes of the Lake Victoria region of
Kenya were enriched for 48 h at 37 C in broth containing
a an environmental strain of V. cholerae. Bacteriophages
were isolated from 5 out of the 42 environmental water
samples taken. Isolated phages produced tiny, round, and
clear plaques suggesting that these phages were lytic to V.
cholerae. Transmission electron microscope examination
revealed that all the nine phages belonged to the family
Myoviridae, with typical icosahedral heads, long contrac-
tile tails, and fibers. Head had an average diameter of
88.3 nm and tail of length and width 84.9 and 16.1 nm,
respectively. Vibriophages isolated from the Lake Victoria
region of Kenya have been characterized and the isolated
phages may have a potential to be used as antibacterial
agents to control pathogenic V. cholerae bacteria in water
reservoirs.
Introduction
Cholera is a waterborne diarrheal disease that continues to
plague the developing world [9, 18]. Transmission of cholera
is predominantly through fecal-contaminated food and
water; thus, it is usually a disease of developing countries or
areas, where clean water supply and adequate sanitation are
lacking. Over the last decade, there have been increasing
cholera outbreaks in Kenya [8, 10, 15]. Since 2007, Kenya
has also been experiencing outbreaks of cholera, dysentery,
and other diarrheal diseases related to poor access to potable
water and effective sanitation systems. Inspite of the recent
progress of medical sciences, cholera still remains as a
severe global threat in view of morbidity and mortality and is
currently spreading to countries such as Zimbabwe and
Mozambique and in Africa and other parts of the world [5].
Vibrio cholerae, are normal inhabitants of fresh and salt
water, thus, an understanding of cholera requires an under-
standing of the bacteria’s role in the environment well as in
the human host.
Phages infecting V. cholerae are well documented with
earliest records of isolation of bacteriophages appearing in
1920s [17]. In V. cholerae bacteriophages were first
reported by Siddiqui and Bhattacharyya [13]. A major
emphasis was placed on phage typing of V. cholerae and
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phage therapy was proposed for treatment of cholera in the
early years of cholera research. Vibriophages might be
employed as biological control agents in cholera epidemic
areas [6, 7]. Lytic bacteriophages specific to V. cholerae
may limit the severity of cholera outbreaks by killing
bacteria present in the reservoir and in infected individuals
[19]. Phage predation of V. cholerae has been reported to
be a factor that influences epidemics of cholera in Ban-
gladesh and India. Studies have found out that as cholera
epidemic progressed in the course of the study, more and
more cholera patients excreted both V. cholerae and lytic
phages (JSF4) [6, 7]. Indeed predation on pathogenic V.
cholerae may be an important factor influencing the epi-
demic cycle on short time scales and may act to modify the
duration and severity of cholera outbreaks. Adding rela-
tively large numbers of phage to the reservoir at the time of
bacterial bloom decreases the size of cholera epidemic [9].
The role of bacteriophages in the environment has been
the subject of intense investigation over the past several
years. The development of techniques to study natural viral
populations in situ has progressed tremendously. Various
aspects of bacteriophage ecology in nature-including
abundance, role in microbial mortality and water column
trophodynamics, viral decay rates, repair mechanisms and
lysogeny are gradually being understood [16]. In this study,
we isolated and characterized vibriophages from the waters
of the Lake Victoria region of Kenya and assessed their
lytic activity against V. cholerae strain.
Materials and Methods
Vibrio cholerae Strain
A V. cholerae strain (8675) previously isolated from the
Lake Victoria region of Kenya between 2009 and 2010 was
retrieved from -80 C freezer and subcultured on Blood
agar (Himedia Laboratories, Mumbai), Thiosulphate citrate
bile salt sucrose agar (TCBS) (Scharlau chemie SA) and
Mueller–Hinton Agar (Oxoid, Basingstoke, UK). Incuba-
tion was done at 37 C for 24 h. Working cultures were
taken from TCBS plates. For enrichment of V. cholerae
strain, a colony from nutrient agar was emulsified in a
bottle of alkaline peptone water (5–10 ml) and incubated
for 6–8 h at 37 C.
Phage Isolation: Direct Enrichment of Water Samples
Water samples from the Lake Victoria region of Kenya had
been preserved in 500 ml sterile containers at 24 C at the
time of analysis. Aliquot (50 ml) of the undiluted water
samples was added into 100 ml sterile double strength TSB
then inoculated with 24 h cultures of V. cholerae (50 ml),
Escherichia coli (15 ml) (control) grown in single strength
TSB at 37 C. Incubation was done for 48 h at 37 C with
constant agitation at 50 rpm in a water bath. After 48 h of
incubation, 45 ml of the content was dispensed into falcon
tubes and centrifuged at 2,5009g for 15 min. Using a
sterile syringe, 3 ml of the supernatant was taken, filtered
by 0.45 lm into sterile screw-capped bottles and assayed
for phages. Approximately 1–2 ml lysate was obtained
after filtering. For storage, *0.5 ml chloroform was added
to the lysate, carefully-shaken, labeled ‘‘phage enriched’’,
and stored at 4 C.
Testing the Enrichment for Phages: Spot Assay
The V. cholerae and E. coli were grown in TSB at 37 C
for 24 h. 3 ml of molten double strength soft TSB agar
(0.6 % w/v) held at 45 C was then mixed with 500 or
200 ll cells of V. cholerae and E. coli, respectively, and
overlaid on the surface of regular TSA plates supplemented
with 1 mM CaCl2. After agar solidification, 10 ll of the
‘‘enriched phage’’ was spotted at the center of the plate, left
to dry and incubated at 37 C for 24 h. At the spot where
the phage will have been deposited bacterial sensitivity to
bacteriophages was determined by monitoring the devel-
opment of clear zones. A negative control comprising of
sterile broth (TSB) was spotted at the center of the plated
TSB agar.
Plaque Assay
The V. cholerae and E. coli were grown for 24 h at 37 C
in TSB. 500 ll of the ‘‘phage enriched’’ sample was mixed
with 500 ll 24 h cultures of V. cholerae or 200 ll of
E. coli. The mixture was left for 2–3 min at room tem-
perature. After that, 3 ml of double strength TSB molten
soft agar (0.6 % w/v) was added, mixed well, and poured
on the surface of regular TSA plates. Plates were allowed
to gel, incubated for 24 h at 37 C, and observed for phage
plaques identified as zones of cell lysis. A TSB molten agar
plate that did not receive the enriched phage was used as
negative control. Sample was scored positive if there were
plaques observed and negative if there were no plaques. If
no plaques were observed, further enrichment was per-
formed (up to three rounds).
Spot Test on Phage on a Bacterial Streak
A loopful of the host bacteria grown in single strength TSB
at 37 C for 24 h was streaked on the surface of the TSA
agar plates, which had been supplemented with CaCl2. The
fluid was allowed to dry and then 5 ll of the clarified
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enrichments was spotted on the streaks, incubated for 24 h
at 37 C, and zones of cell lysis were observed. A control
was also set using TSB broth spotted on the bacterial
streak. A sample was scored positive if there was a clear
zone at the center, where the enriched lysate was deposited
along the bacterial streak and negative if the bacterial
streak was continuous.
Preparation of Phage Lysates
In this research work, two methods of phage purification
were employed; purification using a sterile pipette to pick a
single plaque and streaking on TSA plates [11].
Examination of V. cholerae Bacteriophages
by Transmission Electron Microscopy
Electron microscopy observations were performed directly
on phage lysates. Phages were then sedimented in a
Beckman OPTIMATM TL ultracentrifuge with a Beckman
TLA 110 rotor at 25,000g for 60 min followed by two
washes in fresh 0.1 M ammonium acetate (pH 7.2). 5 ll of
this suspension was added to hydrophilic freshly glow-
discharged EM grids with carbon-coated Formvar film and
left to settle for 30 s. Then, 5 ll of 3 % (w/v) ammonium
molybdate was added for 10 s and dried off with Whatman
N1 filter paper. The grid was air dried and viewed on a
Philips Spirit Biotwin transmission electron microscope at
an acceleration voltage of 120 kV. Examples of phage
particles morphologies observed were photographed for
further examination.
Results and Discussion
Assays and Source of the Water Samples
Table 1 shows the results of the three assays; plaque assay,
spot assay, and streaking technique, sample code and the
sources of these water samples for the water samples that
were positive for at least one of the assays. The sources of
these water samples included sewage, pond, lake, river, and
unprotected well. A total of ten environmental water
samples were positive for the spot assays. Out of these ten
samples, only five were positive for plaque assay. Sample
103 showed the highest plaque assay with 36 pfu/ml, while
sample 78 had the lowest; 16 pfu/ml. Plaques were not
detected in sample 189b that traced its source from the
sewage but were detected in the other three samples (103,
132, and 105) that were also from sewage effluent. These
samples that were positive for plaque assay were also
positive for spot assay and on a bacterial streak, as shown
in Table 1. Samples 189A, 42, and 35 traced their sources
from the Lake. In these three samples plaques were not
detected but the other two assays were positive. Similar
results were observed from sample 79 that was from
unprotected well. All the other 32 water samples were
negative for plaque assays.
The plaques obtained were all tiny, clear, and round.
Complete lysis was therefore inferred. Plaque concentra-
tions ranged from 16 to 36 pfu/ml. Previously, a total of 32
sewage samples were collected in a period of 8 months
from Sarapui River in Rio [14]. The plaques of these
phages were observed as clear and round with a diameter of
3–4 mm. The morphology of the phages was studied by
negative staining, 034 phages showing a hexagonal head
with a long tail and 06 phages had a similar form [14]. No
comprehensive studies have been carried out to look for V.
cholerae bacteriophages in fresh water environments in
Kenya. To our knowledge, this is the first study to isolate
and characterize vibriophages lytic to V. cholerae in par-
ticular, in the water bodies in and around the Lake Victoria
region. It should be mentioned here that several earlier
studies conducted elsewhere have reported on the rela-
tionship between environmental cholera phages and the
seasonal epidemics of cholera [6, 7, 9]. Recent studies on
prevalence of vibriophages and V. cholerae in the envi-
ronment from two major rivers and a lake in Dhaka, where
cholera outbreaks occur every year, a total of 221 water
samples analyzed from January to November 2003. 114
samples contained either vibriophage or an epidemic V.
cholerae whereas only 15 samples contained both. The
plaques were clear or turbid. Clear signifying phages were
lytic and highly virulent for V. cholerae and turbid indi-
cating they were temperate.
Figure 1 shows a positive spot assay of a phage on a
lawn of V. cholerae. At the center of the lawn where the
lysate was spotted is a clear zone. This was indicative of
the presence of lytic phages against V. cholerae.
Figure 2 shows a micrograph of the V. cholerae strain
used. The length and width of this strain were 2,000 and
250 nm, respectively. This strain is known to persist in the
environmental waters of the Lake region of Kenya [3].
After an outbreak of cholera subsides in the Lake region of
Kenya, it has been suggested that V. cholerae becomes
extinct in that locale, but that isolated pockets of disease
linger elsewhere in the region. When the climate becomes
favorable, V. cholerae re-emerges and spreads from the
refuge. The regularity of these outbreaks indicates that V.
cholerae might be frequently spread by travelers or that it
is endemic in the area [3]. V. cholerae strain used as a host
had been previously isolated from the same environmental
waters in the same region. This was evidence that the host
and the phages coexist in the same water reservoirs.
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Morphology of the Phages
Out of the 42 environmental water samples analyzed in this
study, nine bacteriophages lytic to environmental V.
cholerae, were isolated. In all of these images, a neck was
evident between the head and the tail of the phage and
fibers were clearly seen. All the phages presented a long
contractile tail except 14e which had a contracted tail.
Based on these morphological characteristics, the phage
was therefore assigned to Myoviridae family, order Caud-
ovirales according to the International Committee on
Taxonomy of Viruses (ICTV) classification [1, 2] (Fig. 3).
Lytic bacteriophage predation on pathogenic V. chol-
erae may be an important extrinsic factor influencing the
epidemic cycle on short time scales and may act to modify
the duration and severity of cholera outbreaks. Adding
relatively large numbers of phage in the reservoir at the
time of bacterial bloom decreases the size of cholera epi-
demic [9]. These findings suggested that these phages
could be used as a biological control of the pathogenic V.
cholerae in the environmental waters to control cholera in
Kenya. Previous research showed that from 1928 to 1934;
over a million Vibriophages were prepared and dissemi-
nated in specific study communities in India. This appli-
cation was novel because for the first time, Vibriophages
Table 1 Results of the three phage assays and sources of the water samples
Sample# Sample code Host organism Plaque assay in PFU/ml Spot assay Streaking technique Source of the samples
1 103 V. cholerae 36 ? ? Sewage
2 174 V. cholerae 28 ? ? River
3 78 V. cholerae 16 ? ? Pond
4 132 V. cholerae 23 ? ? Sewage
5 189A V. cholerae nd ? ? Lake
6 42 V. cholerae nd ? ? Lake
7 35 V. cholerae nd ? ? Lake
8 105 V. cholerae 32 ? ? Sewage
9 79 V. cholerae nd ? ? Well
10 189B V. cholerae nd ? ? Sewage
Key - lysis not detected, ? lysis detected, nd plaques not detected
A B C
Clear Zones
Fig. 1 A spot assay on a lawn
of Vibrio cholerae. KEY: A, B,
and C show positive spot assays
for Vibrio cholerae (Plates held
against source of light)
Fig. 2 Transmission electron micrograph of Vibrio cholerae strain
used in this study with its single polar flagellum. Bars 500 nm
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were disseminated into drinking water sources as a means
of prophylaxis. The triennial death rates from cholera fell
from 30 to 2 % per 10,000 in communities that were
treated with phage [12]. Epidemiological and environ-
mental observations of a cholera outbreak in Dhaka,
Bangladesh, suggested that lytic bacteriophage specific for
V. cholerae may limit the severity of cholera outbreak by
killing bacteria in the reservoir and infected individuals [9].
If bacteriophages are present, persistently, or transiently,
predation on V. cholerae in the reservoir can influence the
Fig. 3 Transmission electron micrographs of Vibrio cholerae vib-
riophages isolated from the waters of the Lake Victoria region of
Kenya. Bars 100 nm. Monographs 4a–4c were from the water sample
103 that traced its source from sewage effluent. Monographs 14a–14h
were from water sample 174 that traced its source from a river.
Vibriophages isolated morphology were examined by electron
microscope
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course of cholera outbreaks. A high initial phage density of
108 would prevent *3,000 cases of cholera compared with
phage free outbreaks [9]. When the phage cannot maintain
their densities and the fluctuations in V. cholerae densities
are due to ecological processes such as resource limita-
tions, externally introduced phage may still lead to reduc-
tions in outbreak severity. Experiments have shown that
spiking water samples with phages only modestly reduces
the titers of viable V. cholerae and only when phages are
added at levels greater then 100 pfu/ml [6].
Phage therapy has also been used to fight cholera. The
first therapy trial compared 244 untreated cholera patients
with 219 patients who were treated with vibriophages: the
untreated group had 20 % mortality rate whereas mortality
in the treated group was 6.8 % [12].
The measurements of the seven bacteriophages are
shown in Table 2. The average diameter of the head from
point to point laterally was 88.3 nm.
The measurement of the phage tail length below the
neck collar of seven phages was 84.9 nm. Measurement of
the average tail width of the seven phages was 16.1 nm.
These measurements show that these phages have similar
dimensions and are within the known range of Caudovi-
rales. Other previous characterized vibrio phages belong
also to the same family of phages.
The vibriophage is also related to a previously charac-
terized phage, JSF4 [6, 7]. Three vibriophages, AS1, AS2,
and AS3 were isolated from the sewage and pond waters of
the outskirts of Kolkata, phages AS1 and AS2 had hexag-
onal heads and contractile tails and were of the family of
Myoviridae [4]. Other studies have showed that a V.
cholerae bacteriophages isolated from the sea water col-
lected from the coastal water of Lima, Peru, belonged to
the family of Myoviridae [17].
In conclusion, this study demonstrated that the envi-
ronmental waters of the Lake Victoria region of Kenya
contained bacteriophages infective to V. cholerae. The
bacteriophage which was presumptively identified as a
member of Myoviridae family has potential as a biocontrol
agent in cholera epidemic areas in Kenya.
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